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ABSTRACT

Both the solution mining operation used to produce storage space

for the Strategic Petroleum Reserve (SPR) and the transfer of oil into

'and out of the storage caverns are done through cavern wells. The

variety.of well configurations, flow processes and fluid levels encoun-

tered require a large number of calculations for proper design and opera-

tion of the SPR hydraulic system. A well hydraulics code PIPWEL has

been developed to facilitate some of these calculations. PIPWEL

calculates the wellhead pressures, casing-seat pressures or flow rates

(given the pressures) for most SPR leaching or oil transfer operations.

This report describes the equations used in PIPWBL and is a guide for

its use.
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NOMENCLATURE

- CL Coupling length for tubing (innermost concentric pipe)

CL0 Coupling length for hanging string (a concentric pipe containing
. .. I the tubing)

dl Hydraulic diameter = D2-DC
“ .

d2 Hydraulic diameter = D2-Dl

D Diameter

DC

DIl

D12

D13

DO1

DO2

Dl

D2

f

H

HH

HO .r

HI
.; H2

IFW

IPIT

Outer diameter of a coupling

Inside diameter of tubing

Inside diameter of the hanging string

Inside diameter of the outer casing (a concentric pipe containing
the tubing and hanging string)

Outside diameter of the tubing

Outside diameter of the hanging string

Outside diameter of an inner concentric pipe

Inside diameter. of an outer concentric pipe

Friction factor

Casing seat depth

Tubing depth

Oil layer thickness in the cavern

Depth to the cavern roof

Depth of the hanging string

An option selection index

An option selection index

ITAR An option selection index

IVIS An option selection index

K Hydraulic resistance

.’
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Kc

, KT

RC
:‘

PCS

PSL

PSLO

Pl

P2

P3

P4

Q

Ql

Q4

S

SB

so

SW

T

TB

TO

Tw

VISB
I

VISO

VISW

AP

E

V

Coupling hydraulic resistance

Total hydraulic resistance

Length of coupling

Casing seat pressure

Pipe section length of the tubing

Pipe section length of the hanging string

Wellhead pressure of an annular flow

Pressure at the bottom of the hanging string

Pressure at the bottom of the tubing

Wellhead pressure of the tubing

Flow rate

Flow rate in the outer annulus

Flow rate in the tubing

Specific gravity

Specific gravity of brine

Specific gravity of oil

Specific gravity of water

Temperature

Temperature of brine

Temperature of oil

Temperature of water

Viscosity of brine

Viscosity of oil

Viscosity of water

Pressure difference

Absolute roughness of pipe walls

Viscosity
.-



INTRODUCTION

The caverns used to store oil for the Strategic Petroleum Reserve

are connected to the surface piping through one or more wells. Each

'_. well can contain up to three concentric pipe strings which carry oil,

water and brine. Depending on the process being carried out (direct

or reverse leaching, oil fill, oil withdrawal or leach-fill) different

fluid-pipe path combinations will be used. Although the calculation

of pressure drops in the pipe strings and at the cavern levels of

interest is straightforward for any process, the number of combina-

tions of processes and geometries make hand calculations tedious and

impractical. A well hydraulics code, PIPWEL, has been developed to

allow quick evaluation of-the desired well pressures. This document

describes the formulas employed in PIPWEL and its use for the analysis

of SPR flow processes. . .
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THEORY

Flow Pressure Drop Through Tubinq

The Darcy-Weisbach equation for pressure drop per unit length, - A

VP@ in a straight, uniform, long pipe is1

(1)

where f is the friction factor, p the fluid density, v the average

fluid velocity and D the pipe diameter. To be consistent with the

units used in the SPR, Equation (1) may be written as

VP = 1.1461~10-~  f ' **
D5

(2)

where VP = pressure drop per foot (psi/ft)

S = Specific gravity of the fluid

Q = Flow rate (BBL/day)

D = Inside pipe diameter (inches).

The friction factor, f, is iteratively calculated from the Colebrook-

White relationl:

-2 log10 E/Dn+ 2.51
. ‘Re F >

(3)

where E is the absolute pipe roughness

and Re is the Reynolds Number based on diameter.

A typical value of pipe roughness for SPR piping is believed to be

about 0.0016 inch, and this value was used in Equation (3) for all

calculations. The Reynolds Number is given by

Re = 92.2 *Dv
(4) I'

where the viscosity, v, is in centistokes and other symbols are as

previously defined.
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Flow Pressure Drop Through Annulus

The flow pressure drop in the annular region of the concentric

well piping is slightly more complicated than that for the tubing

because the flow path is not uniform. Figure 1 shows a typical
.. *

configuration where the couplings used to connect the inner tubing

' are seen to reduce the flow area in the annulus at the end of each

pipe section.

The pressure drop in the annular region due to friction is

also given by Equation (2) except that the diameter is replaced by

an equivalent diameter, De, which is defined as*:

De = [(D2-D~)3(~Z+D1)*]0** (5)

where . . D2.is the inner diameter of the outer casing

and D1 the outer diameter of the inner casing as shown in

Figure 1.

The Reynolds Number to be used in the friction factor calculation

(Equation 3) is _
------,,

‘\
Re = 92.2 * 1

v (D2fbl’<- 9,-B,
(6)

and the diameter,

d
= D2-D 1

(7)

.,
The coupling diameter,

0
De replaces D

1
in Equations (6) and (7) for

, the region over the coupling.

*The hydraulic diameter, d = D2-Dl, may be written as (D2
(D2+D1)  l

*-D12)/
Combining this with the substitution of Q/A for velocity

in Equation (1) and reducing to the form of Equation (2) gives
the form for the effective diameter, De, in Equation (5).

_ .
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In addition to the friction pressure loss in-the annulus, there

is pressure loss due to cons.triction and expansion of the flow

around the coupling. The hydraulic resistance (also known as the

loss coefficient), K, of a constriction is approximately '

K=CL5(l-;$;~$) '2

and for an expansion is
2dl(D2+D,)

d2(D2+DlJ >
where dl = D2-DC

and d2 = D2-Dl .

l'he hydraulic resistances of a coupling due to expansion and contrac-

tion are added to the hydraulic resistance due to friction, which is

where 2, is the length of the coupler, to obtain the coupling

hydraulic resistance, Kc. -

(8)

*. All the coupling Kc values are summed to give KT. The pressure drop

across all the couplings, Ap, is then found from an alternate form

of Darcy's law
-7

9.562x10
Ap =

KT S O2
(D~~-D 2)

C

(9)

,
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Wellhead Pressures

After the flow pressure drops in the annuli and tubing have been

calculated they must be combined with the static pressure changes due

to depth and varying specific gravity to obtain the pressure at the
_ -.- 7

wellhead and other points. For each option this procedure is slightly _ i
different, therefore a summary of the formulas used are given here.

Oil Fill

Referring to Figure 2 for symbol meanings

P3 = P4 + 0.433 SB*HH + APT

P2 = P3 - 0.433 SB(HH-Hl-HO) - 0.433 SO(HO+Hl-H2)

(10)

(11)

Pl = P2 - 0.433 SO H2 + APA

PCS = P2

where APT and APA are the flow pressure

(12)

(13)

drops in the tubing and

annulus respectively and SO, SB and SW refer to specific gravities

of oil, brine and water.

Oil Withdrawal

P2 = Pl + 0.433 SO-H2 + APA

P3 = P2 + 0.433 (SO(HO+Hl-H2) + SB(HH-Hl-HO))

P4 = P3 - 0.433 SW*HH + APT

PCS = P2

Oil Withdrawal With Brine Replacement

The equations are the same as (14) through (17) except SW in

(14)

(15)

(16)

(17)

Equation (16) is replaced by SB and APT is evaluated using brine

viscosity. t
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OtL WELLHEAD ,
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BRINE
WATER

OR RAW
WELLHEAD

- 0 0 1

-011

Figure 2. Geometry for the Oil Fill or Withdraw Option

.’
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Direct Leach

Referring to Figure 3 for symbol meanings, the equations are

the same as (14) through (16) except SO is replaced by SB and APA

is evaluated using brine viscosity.

Equation 17 is replaced by

PCS = P2 - 0.433 (SB(HZ-Hl-HO) + SO(Hl+HO-H)) Wa)

- +

-. ‘; ’
a

Reverse Leach

Referring to Figure 3, the equations are the same as (10)

through (12) and (17a) except that SO is replaced by SW everywhere

but Equation (il) where it is replaced by SB. APA is evaluated

using water viscosity.

Leach-Fill

Referring to Figure 3, equations (10) through (13) are used

(with appropriate diameters in Equations (5) through (9) for APA)

to evaluate the oil wellhead pressure. Then (10) through (12) and

and (17a) are used, as indicated in Reverse-Leach above, to evaluate

the water wellhead pressure.
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BRINE
WELLHEADIOP4

Ii
I I

013 Hl

BRINE

DO2
I
- 012

t

OIL WELLHEAD
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RAW WATER
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I
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CASING SEAT __+
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I -t-DO1

Dll

Figure 3. Geometry for the Leach-Fill Option
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CODE DESCRIPTION

In order to handle a variety of flow geometries and well processes

\
without a large number of input variables, the definition of SOme of

input variables is allowed to change, depending on the flow geometry
--- ,*

and option selected. 3 '53
Figure 2 shows the simplest configuration possible, that of the

oil fill or withdrawal. An inner tube hangs to a depth HH inside a

casing of length H2 which is cemented at the depth H (in this case

H2 = H). The upper portion of the cavern is filled with oil to a

distance HO below the cavern roof, which is at a depth of Hl. The

inner and outer tubing diameters are DIl and Dol. In this case D12

is the inner diameter of the outer casing. In the fill mode the.-
brine wellhead pressure P4 must be specified and for a specified - .

flow rate the oil well head pressure Pl and casing seat pressure are- -

calculated. In the withdrawal mode, Pl is specified and P4 is calcu-

lated.

For leaching processes the string configuration is usually similar

to that depicted in Figure 3. An intermediate hanging string is

introduced which carries the brine in direct leaching or raw water -

in reverse leaching. Since the outer casing, which is used to move

the oil level, is usually dormant during the leaching process, the .*~

variables associated with it are not used or read in (except for the

casing seat depth H). The parameters H2 and D12 now refer to the
(3

intermediate string. As before the pressure on the outlet side of

the wellhead is specified and all other pressures are calculated.
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The most complex option is the leach-fill mode also shown in

Figure 3. In this case all three passages at the wellhead are

active and values for DO2 and D13 must be supplied as input data.

The code calculates the pressures in two stages. First the oil

annulus and brine center brine string are treated, and then the raw

water annulus and brine string are treated. The total brine produc-

tion rate and oil flow rate must be specified with the brine well

head pressure.

Several other configurations of interest, involving two separate

wells into the same cavern, can be used. Figure 4 shows a leach-fill

scheme in which the raw water is injected into one single &ring

well and oil injection and brine outflow occur in a concentric pair

in another well. By defining the input parameters as shown in the

figure the code may be "tricked" into handling this case.

Similarly, Figure 5 shows the case of oil and water injection in

one well string pair and brine production in another well. Simpler

subcases exist where two wells with single pipe strings are used for

leaching or oil transfer. Figure 6 shows the appropriate parameter

definitions for the direct and reverse leaching cases. These also

correspond to the two-well oil withdrawal and fill cases where the

oil replaces the fluid in the pipe of length H2.

The ordinary mode of operation for any process or geometry is
. ."'-.y . . .._._-. _._ * ---; ^ .,",

to specify the outlet wellh<~~'Al%es&e and flow rates at the wellheadi
and have the code calculate the pressures everywhere else. For the

oil fill and withdraw and leach only modes another option is possible..-.-



H2

12

.__ .

SETDOl=O AND DC=0

r WATER

I+ 012

- 013

HH

Figure 4.

- DO2

. . . .

I’

_’

Parameter Definitions for a Two Well Leach-Fill
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HH

BRINE ’

SET DO1 =0 AND DC=0

WATER

- Dll

013

- DC0

- DO2

H2

012

Figure 5. Parameter Definitions for a Two Well Leach-Fill
Geometry
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Figure 6. Parameter Definitions for a Two Well Leach
Geometry
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The pressures at the wellhead outlet and inlet may be specified and

the flow rates which correspond to these pressures will be calculated-.-. ._--. .-.. ~ _-.
if they are physically realizable for the option selected. This is

accomplished with an internal iteration scheme which can usually

match the desired pressures to within 0.1 percent.

The user also has the option of specifying the fluid viscosities,

or accepting a default viscosity calculation of curve fitted data as

follows:

For brine V = 1.1 s(so/T)*85 (lea)

For water V = 1.1 S(6O/T).85 (18b)

For oil V = 50.0 (40/T)1*218 (18~)

The temperatures, T, used in (18) are degrees F and are specified as

input data. The viscosities are in centistokes. The viscosity of

crude oil.can vary greatly with composition and temperature 2 .

Equation (18~) represents a fairly viscous crude and is probably an
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INPUT VARIABLES AND OPERATING PROCEDURE

PIPWELL is designed to operate interactively with the user. The

first question it asks is whether the user wishes to enter data by

hand from the keyboard or from a previously created data file which

is entered on input unit number 7.

If the user types in "5" the code will interrogate the user for

the input data. If the user types in "7", all the remaining data

will be read from Tape 7.

If the user types "5", the code responds with a short tutorial

on available options and asks for the values of IFW, ITAR, IPIT and

IVIS. IFW and ITAR are integer option selection indices which are

.

set according to the following table.

Table 1. Option Selection Table

IFW ITAR #/Option

1 0 1 Oil fill
2 0 2 Oil withdrawal
1 30 3 Reverse leach
2 30 4 Direct leach
3 0 5 Oil withdrawal with brine
1 40 6 Leach-fill

IPIT Determines whether the pressure will be calculated from the flow .~

rates (IPIT=O) or vice versa (IPIT=l)
.-a

IVIS Chooses the viscosity selection:

IVIS=O Gives default calculation (see Equations (10))

IVIS=l User will specify viscosities
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After echoing the users reply, the code asks for values of:

DIl
" DO1

D12

. . ::

. ' so
SB
SW

TO.
TB
Tw

H
HH
HO

Hl
H2

Pl
P4

=
=
=

=
=
=

= Annulus wellhead pressure (psi)
= Tubing wellhead pressure (psi).

Inner diameter of the tubing (inches)
Outer diameter of the tubing (inches)
Inner diameter of the next casing (inches)
Flow rate in the annulus (BPD)
Flow rate in the tubing (BPD)

Specific gravity of oil
Specific gravity of cavern brine
Specific gravity of raw water

Oil temperature (OF)
Brine temperature (OF)
Raw water temperature (OF)

Casing seat depth (feet)
Tubing depth (feet)
Height of oil in the cavern (feet) (from the oil-brine
interface to the cavern roof)
Depth to the cavern roof (feet)
Depth of the hanging string surrounding the tubing (feet)

Note: Unless IPIT=l only one of the pressures Pl or P4 will be known

and required. If 'the.same known value is entered into both variables,

the one that is not needed will be ignored.

After this data has been read, the code will ask for the values of:

CL = Inner tubing coupling length (inches)

DC! = Inner tubing coupling diameter (inches)

. .

PSL = Inner tubing section length (feet) (usually either 30 or 40 ft).

If IVIS is l.the.code will ask for:

VISO = viscosity of oil NV/

VISB = viscosity of brine NW

VISW = viscosity of water.

If
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If the leach fill mode has been selected (ITAR=40) the code will

ask for:

DO2 = The outer diameter of the hanging string (inches)

D13 = The inside diameter of the outer casing

CL0 = The hanging string coupling length (inches)

DC0 = The hanging string coupling diameter (inches)

PSLO = The hanging string section length (feet).

All of the above data entries are made with free format, list

directed read statements. The values are typed in sequentially, as

requested by the code, and separated by any delimiter (such as a

blank space or a comma). If the values defined in a previous run

are still valid for the present run successive commas will leave

them unchanged. If all values for a particular read request are

unchanged merely type "1" which will leave all values after the last

data entry unchanged and will terminate the entry request.

An example of an oil fill calculation dialogue is shown in

Figure 7a. The data following the question mark prompts are entered

by the user. The input data are echoed by the code so that the user

can check that the right values were entered. Figure 7b shows the

output data which follows. The pressures at the oil well head Pl,

the bottom of the hanging string P2, the bottom of the tubing P3 and

the tubing wellhead Pl are all listed and labeled.

The flow pressure drops in the annulus and tubing, the average --

fluid velocities, the casing seat pressure (in this case the same as

P2) are also listed. The erosion velocities for oil and brine and

the allowed casing seat pressure are printed as informational notes

.-

- .
*

_.
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RUN
82107129, 13.10.51.

PROGRM UELS
RECID INPUT FILE NUIIBER, SmKEYBOC)RD  , 7=DClTA FILE
3 5

FOR OIL FILL SET IFU TO 1 AND ITAR*
FOR OIL UITHDRAUAL SET IFU=2 AND IT&R=@
FOR OIL WITHDRAWAL UITH BRINE REPLACEfiENT  SET IFU.3 CIND ITARm
FOR DIRECT LECICH SET IFU=2 CIND ITAR~30
FOR REVERSE LEMW  SET IFU-1 AND ITAR-
FOR LEKH-FILL SET IFU*l hND ITAR=SB
IPfT-0 SOLVES FOR PRESSURE, 1 FINDS Q FOR KNOWN PRESSURE
IUIS~B FOR DEFMLT UISCOSITIES, *I UH,EN YOU SUPPLY THEll

REC)D IFU,ITAR,IPIT,IUfS
31098
IFU- 1 IT&R* 8 : IPITm 8 IUISa

READ DII,DOI,DI2,G~,G4,SO,SB,SU,TO,TB,TU,H,”H~”O,”~~~~:P~,P~
? 10.0,10.75,13.0,1@0000.,10@B00.,8,86,1.2,1.01  70.,110.,70.8
? 1908,,4~~0.,500.,2000.,1900.,58,
FOR INNER TUBING

READ COUPLING LENGTH, AND DIA. (INCHES), CIND SECTION LENGTH (FT)
? 10.0 11.25,38,8
INPUT DATCI
DIl= 10.BQB DOlm 10.758 DI2a 13.000 010 1eeeee.e 04m ieeee0.e
som .868 SBm 1.288 sum 1.818 TO- 78.80 TB- tie.ee  Tu= 70.88
I;., 1988.88 HH~ 4888.88  HO- see.88

2eee.88  ~2m i9ee.ee Plm se.88 se.88 PSI
couptINt  tm le.088 D= ii.258 SECTION L- 3@%
NUlm 25.298 NU4= 1.887 REl= 15350.33 RE4= 915617.92

_-

FIGURE ?a INTERACTIUE  .DIALOCUE FOR AN OIL FILL EXAHPLE



OUTPUT DCITA

OIL UEtLHEfiD  PRESSURE Plm 1467.59 PSI *
2283.14 PSI

%NE :$!&:iD PRESi%E P4- se.00 PSI
DYNAtlIC PRESSURE DROP IN ANNULUS= 970.80 IN TUBING= 78.74 PSI
OIL UELOCITV- 22.31 BRINE UELOCITVm 11.92
C(rSfNC SEAT PRESSURE* 1204.31  PSI
EROSION VELOCITIES OIL- 2 7 . 3 2 BRINEm 2 3 . 1 3
DELP- -368 l 85 CCIPBm -.10S0E:-06 CAPO= -.1058E-86

HA% CASING POINT PRESSURE ALLOWED* 1 5 2 8 . 8 8  =8.8tH

R E A D  I N P U T  F I L E  NURBER,  S=KEYBOCIRD  , 7*DfitA  FILE
?

F I G U R E  7b CONPUTER  OUTPUT FOR AN OIL FILL EXAMPLE
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for comparison purposes. Three quantities labeled DELP, CAPB and

CAP0 are printed. These quantities are used to model the well in

. another code, PIPNET, and will not be discussed in this report.

When not using PIPNET this output should be ignored.

For the values chosen in this example, it is seen from Figure 7b

that the oil well head pressure is 1467.6 psi. The user may decide

that since his oil pump can only pump‘at 750 psi the flow rate he

entered was too high. If he wished to know what flow rate would..: .m
yield an oil wellhead pressure of 750 psi, he would rerun the code

as shown in Figure 8. The option selection change of IPIT from 0 to

1 and the new value for Pl of 750 psi are all that is needed. The

output of the rerun now also contains new values of Ql and 04 of

52747 BPD which is the flow that matches the prescribed oil wellhead

pressure of 750 psi. At the end of each output, the code cycles

back to the first question to allow the user to make reruns.

Figure 9a and 9b shows an example of running from a data file

prepared in advance as TAPE7. The contents of TAPE7 are shown at

the top of Figure 9a and correspond to data for a leach-fill case in

which the user will specify the fluid viscosities. The user responds

to the first question with, 7, and the code does the remaining print-

o u t . The first INPUT-OUTPUT DATA set corresponds to the oil annulus

> . and brine string, and the second set corresponds to the raw water

annulus and brine string.I.

1’



FOR  OIL PtLL SET IPU TO 1  A N D  1+&R.@. -.- --- _ --- --. -.- -- - ._..- -_..-
FOR OIL UITHDRAUAL  SET IFU-2 AND 11PAR=.
FOR OIL UIMDRAUAL UITH BRINE  REPLPEEREM SET ICY.3 AN9 ITAR=.
FOR DIRECT LEACH SET IFUg AND XTAfi_~. I=30
FOR REVERSE LEACH SET IF&l ANI. . ..D ITAR-3.
FOR LEACM-FILL SET IFU-1 AMl- - ..D ITM=4.
XPXT-0 SOLUES FOR PRE!CSURE 1 FINDS 0 FOR WMW  PRESSURE- - _ ---.-_ -.. -.
IUISfB F’OR DEFAtJJT_Vf!

READ
fCOSIiIES,  -1 UHEW  VOU  SUPPLV THER

,I~U~ITAR,IPIT,XUIS

S

INPUT DATA
011. 1e.ew Dol. 10.750  DI2- 13.00.  Olm 10oeeO.@  Q4* 1oe2ee.o
so, ,860 SD= 1.2.0 SW l.Ol@ toe 70.0. TB= 110.0.  TU= 7e.w
N= 19ee.ee  MM* 5W.W

2ee@.eo N2m
%Ptrnc L*

‘~:co H0*
lO.eea  09 il.2SO

Pi* 758.0. P4= 50.0. PSI
SECtfOR  I* N.0.

OUTPUT DAtn

;:L Z’iiMEED PRES;tJE P I - ?56.4? PSI
2151.52 PSI

BRiNE UELLtiEAD PRESS& P4* s0.w PSI
DWWlICJ@ERERE  DROP&WWLUS- 399.29 IN TUBINC~ 23.12 PSI
OIL
CASING SEAT PRiSSURE.  l

BRINE UELOCITW 6.29
1148.7. PSI

~$SIONsJE~~~~IES OIL* 27.32 DRINEm 23.13

D2iP= -368k :s*=
52747.80
-.119!5E-02 CWO* -.119SE-06

r#w CMINC POINT  PRESSURE  ALLOUED= lS29.N l o.mM

REnD I N P U T  F:LE -, SNW2DARD  ,
?

‘IanTn FIL2

FIGURE 8 A SAMPLE RERUN OF AN OIL FILL EXAMPLE
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cnstrlo smt ms!suRE* 1466.94 Cl1
;~rm#m u&yES OIL= 27.32 DRINE* 23.13

l . CCIPB= -.437eE-�7 CAPO= - .4856E-06

r#X CASING POINT PRESSURE ALLDIED* 168&O@ l ..8tW

INPUT DRtn
Dfi* 8.me Doi- 8.635 082. 16.766 Ol= 7 a e e . e 049 ieeeee.0

i?- i.eie sm r.ae su- 1.0~ tom 7e.ee te so.ee Tw 7o.w
2108.0.  HM-

41:zk M0*
2W.W

2300.0.  HZ* 15s.e9 P49
%PLZMG L= lO.D@@ D* ‘S.iiSR ‘&CTfO?,L=

se.80 Pst
40.00

HuI= 1.666 flu4= 1.366 El= 3teus4.34 RE4* 886538.46
.

OuTPut mm.

%TER fEEHEED =SpSRE PI. 617.43 PSI
8SS1.17 PSl

ltR;NE UELLtiEnD PRESS& P4= so.ee PSI
DWWRIC  PRESSURE DROPRt~7WULUS= 9 4 . 8 7  I N  TUDfNG=
UMER UELOCXTV~ DRINE:  UEtDCItY=
CASING SEAT PRESSUR6*  ’ 1466.94 PSX

16.63

ppti uE5;s”~gIEs OIL* 27.32 8RINEa
. . ChPB= -.3618E-67  ChPO~ -.69%

a66 .89 P S I

27

R-nx CASING POINT PRESSURE I)LLOUED. 1680.66 l 0.8tW .

:. ,’

7
lKA0 IRPUT FIU RURMR, C*KKVBOMD  , 7.Dntn FILE

FIGURE 9b A LEACH-FILL EXAVPLE  (Continued)
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On the Sandia NOS system the code PIPWEL may be accessed and executed

by the following commands:

FTNTS
GET,WELS/UN=AJRUSSO

The code should in Figure 7 through 9.
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SUMMARY

The computer program PIPWEL has been developed to calculate the

wellhead and casing seat pressures in SPR cavern wells. The options

available are oil fill, oil withdrawal (with water or brine replace-

ment), direct leach, reverse leach and leach-fill. For the first

five of these options, the user may choose to specify the wellhead

pressures and PIPWEL will calculate the resulting flow rates. For

any option the user may enter all the fluid viscosities or accept a

code default calculation. Data entry to PIPWEL may be interactive

or from a previously prepared data file. PIPWEL is currently active

on the Sandia NOS system.
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INPUT DATA
DIl= 6.000 DOi= 7.000 512= 13.000 Ql= 100000.0 Q4=  100000 ‘0
so= .860 SB= 1.200 SW= 1.000 TO= 100.00 TB= 80.00 TW= 80.00
H= 2500.00 HH= 4800 m 00 HO= 2000.00
Hl= 2700.00 H2= 3500 s 00 Pl= 800,00 P4= 800.00 PSI

:- C O U P L I N G  L =  7 . 0 0 0  5= 8 . 0 0 0  S E C T I O N  L =  4 0 . 0 0

NUl= 55,000 NU4= 1.300 REl= 8381.82 RE4= 1182051.28

OlJTPlJT DATA
.

OIL WELLHEAD PRESSURE Pl= 800 ‘00 PSI
P2= 2240.30 P3= 2 7 3 9 . 1 2  P S I
WATER WELLHEAD. PRESSURE P4= 1739.38 PSI
DYNAMIC PRESSURE DROP IN ANNULUS= 136m97 IN TUBING= 1078.67 PSI
OIL VELOC I TY= 9 . 9 3 WATER VELOCITY= 3 3 . 1 1
CASING SEAT PRESSURE= 2240.30 PSI
EROSION UELOCITIES OIL= 27.32 BRINE= 23.13
DELP= -276.25 CAPB= .1216E-06 CAPO= .1216E-06

MAX CASING POINT PRESSJJRE ALLOWED= 2000.00 =0*8$H

. ,
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INPUT DATA
DIl= 6  ‘ 0 0 0  DDl= 7 . 0 0 0  DI2= 1 3 . 0 0 0  Ql= 1 0 0 0 0 0 . 0  Q4=  1 0 0 0 0 0  ‘0
SO= ,860 SB= 1 . 2 0 0  SW= 1 . 0 0 0  T O = 1 0 0  ‘00 TB= 80.00 TW= 80.00
H= 2500.00 HH= 4800.00 HO= 2000.00
HI= 2 7 0 0 . 0 0  H2= 3500.00 Pl= 8 0 0 . 0 0  P4= 800 -00 PSI
COUPLING L= 7 . 0 0 0  D= 8.000 SECTION L= 40.00

NUl= 1 6 . 3 7 9 NU4= ,861 REl= 2 8 1 4 6 . 3 3 RE4= 1733959 m 18

OUTPUT DATA

OIL WELLHEAD PRESSURE PI= 3 0 0 . 0 0  P S I
P2= 2 2 0 7 . 1 6 P3= 2705.97 PSI
WATER WELLHEAD PRESSURE P4= 1691.08 PSI
DYNAMIC .PRESSURE  DROP IN ANNULUS= 1 0 3 . 8 3  I N  TUBING=  1 0 6 3 . 5 0  P S I
OIL UELOCITY= 9 . 9 3 WATER ‘JELOC I TY= 33.11
CASING SEAT PRESSURE= 2207.16 PSI
EROSION VELOCITIES OIL= 27 ‘32 BRINE= 2 3 . 1 3
DELP= -276.25 CAPB= .1167E-06 CAPO= .1167E-06

MAX CASING PO1  NT PRESSURE ALLOWED= 2000.00 =0 .S*H
,J /I ./- /- =, (; j : 1 --/

Jr”/lJ’~ p’ ‘) s d

I

~-:-:~-..;.7.-~.;.~..-.  --.
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INPUT 5ClTA
DIl= 3 . 0 0 0  501= 0 . 0 0 0  DI2= 3 . 0 0 0  Ql= 7 5 0 0 . 0  Q4= 7500.0
SO= ,860 SB= 1 . 2 0 0  SW= 1 . 2 0 0  T O = 8 0 . 0 0  TB= 80.00 TW= 80.00
H= 20.00 HH= 5 0 . 0 0  HO= 20.00
Hi= 2 5 . 0 0  H2= 50.00 Pl= 8 0 0 . 0 0  P4= 800 ‘00 PSI
COUPLING L= 4 . 0 0 0  5= 0.000 SECTION L= 30.00

NUl= 1 . 3 2 0

b/y/.2~~)

OUTPUT 5ATA

BRINE WELLHEAD PRESSURE Pl= 800.00 PSI
P2= 8 2 9 . 0 3 P3= 8 2 9 . 0 3  P S I
WATER WELLHEAD PRESSIJRE  P4= 806.04 PSI
DYNAMIC PRESSURE 5ROP IN ANNULUS= 3.05 IN TUBING= 2.39 PSI
BRINE &LOCITY= 9.93 WATER VELOCITY= 9 . 3 3
CASING SEAT PRESSURE= 817.12 PSI
EROSION VELOCITIES OIL= 27 ‘32 BR 1 NE=-- -’ 23 .13
DELP= 0 . 0 0 CAPB= ,1074E-06 CAPO= .1074E-06

MAX CASING POINT PRESSURE ALLOWED= 1 6 . 0 0  =0.8*H
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F'RUGRAM PIPtiEL~INPU
.*******************

ISSUED

u 14 I

..‘ ., j_ ._,

‘,
.  . .,

I “,
I.

8

E5= INPUT, TAPE7)
3es+i***it***,

T,OUTPUT,TAPI (-.********s*******************~****&******
B Y  S A N D I A  NATIONf9.i~iABORATORIES,  ,.? -” -’ id.,
A PRIMECONTRACTOR TC! THE

__I

T E D  S T A T E S  D E P A R T M E N T  O F  E N E R G Y
~~~~~[~~ssss~s~s~~~ssssss~sssssss~~~~~~ _**************************************
0 0 1 3 0 c THIS REPCfRT WAS PREPARED AS AN ACCOUNT OF WQRK  SPONSORED BY THE
00 ‘?35C UN I TED STATES GOVERNMENT. NEITHER THE UNITED STATES N@R THE
0 0 1 4 0 c {UNITED STATES DEPARTMENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES,
0 0 1 4 5 c NOR ANY OF THEIRCONTRACTORS t SUBCONTRACTORS, QR THEIR EMPLOYEES,
‘> 0 15 0 c MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL
DO155C L I A B I L I T Y  O R  R E S P C I N S I B I L I T Y  F O R  T H E  ACCURACY,COMPLETENESS  O R
‘f 0 1 E 0 c USEFULNESS UF ANY INFORMATION, APPARATUS, PRODUCT OR PRDCESS
fig'; 65C DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY
g (1 ; 7 (1 i‘ OWNED RIGHTS,
!,I\ c 1 : y*;f, : : .: :: :**ti**t*~t*t***3*~*t*~~***********************~***********************: :. :: _. : : : : -. -.
0 ‘:.i ‘ :I, i-‘..’ ?_
!‘I r) 1 pc>
15 lj ! 9 s

aI;qEpj$I12p.j i;jAMEz(  7 f . ).jAME’J(  7 j
CUMMIIN /'idELF'/ H,HH,Ht,H2,HU,HB,Pl,P2?P3,P4,VB~V~,EVB,E~~@,PSMB.

Of:!195+ PSMU,PHAD,~PP~,DPPB.P1SI,P4ST.IpIT~D~~~DI3~CL,DC~PSL~
I? i:i”!-!g+ CjJ, DCB, pg.0

i i I: 3 ,SW,VISO,UISB  tIISW,IVIS  TOP,TW.PCS,S@S
I+DhTA  NAMEB/SHBiTNE  5HWATiK SHBRINE  5 H W A T E R  3*5HBRINEf

ail ‘, 2ATA ~~AMEO/3HUI~,3kQIL,5HWfiTER,5HBRINl:~3*3~OIL/
i j ~_ : ~~=~3=V~=VB=PSMB=PSMn=PBAD=PflAXC=EVO=EVR=O*O
(jO=LZ? 1 ?'FiNf 2
0(]2.3<; 2 FgF;MAT ( f H ,-READ T!\IPUT FILE NUMBER, 5=KEYBOARD 9 7=DATA FILE*1
(][j;~~: R$, (-5, s) t\i;_i
g [i 3 ;, [Ji-tJ ;F(~~F(L);  7---‘ .
00245 4 C~g!,jy  If:.jgE

& 00250c #AD  IJiq :.. ; .a;\itS PIPLINE,

00255C WITH BRINE REPLACEMENT?
=l F ILL , ,  5.2 WITHDRAWAL,  3,,WITHD,RAW

FOR ‘L-F SET”‘IFW=‘l  AND ,‘TTARy45” +: ’
-. .:- .: _

0@280+ * FUR D I R E C T  L E A C H  S E T  IFW=% A N D  ITAR=30*/‘,
0@235+  * FUR REVERSE LEACH SET IFW=l AND ITAR=30*/,
00230+ *

*:i:: n0235+  *
F O R  L E A C H - F I L L  S E T  IFW=l A N D  ITAR= */,
fPIT=O SOLVES FOR PRESSURE,  1 F INDS Q FOR KNOWN PRESSURE* / , I

003ljo+  * IVIS=O FUR D E F A U L T  V I S C O S I T I E S , =l W H E N  YQU S U P P L Y  THEM*  1
00305c IPIT=l MEANS THE FLOW RATE WILL BE ITERATED TO GIVE P l  AND p4
0 0 3 1 0  IclP=2
00315 PRINT 5
00'320 READ (NU9*F) IFW.ITAR~IPIT,IVIS

‘is0325 5  FORMAT{  * R E A D  IFW,ITAR,IPIT,IVIS*)
;;:i 00330. ‘_ Ij=(EOF(NU))  7 7 7  ,7 ,  ; ‘- ‘I ,- :: ’ .r i,.,

I.
; ,: . . . , ,.r ?$‘I  ‘j

i- >
,, 80,335 ,7 C O N T I N U E :

:. ?.; ,
:,. 0 0 3 3 7  ITARS=ITAR ‘_

.“;I 00340 :‘IF( IFW JQ ;2 j If,p=z .’ :‘ ;” ,,:” :! .‘, __ ‘;‘ :!:
.j 00345 IFtIFW.EQ.1) IOP-1 -'

: r” ,, -2, f

i
>i 0 0 3 5 0  IF(ITAR.EQ.30)  IOP=IFW+i

09355 IF.tIFW.EQ.3)  IOP=5 .,



H2S=H2
IFtITAR.EQ.40)  H2=H
PlST=Pl
P4ST=P4
20 CONTINUE
IF~ITAR,GE,30.AND,HO+Hl.GT.H2S~  PRINT 31
3' FORMAT!~ W"r'!It\fG !!! OIL LEVEL IS BELOW BRINE STRING~j
IF(ITAR.EQ,15.2ND,QU.EQ.QB) PRINT 33
33 FORMAT<* i;;il;NING!!!  QO=QB LEfACH FLOW IS 0 *)
PRINT 90
.SO.FORMAT(/,ltH  INPUT DATA j
P R I N T  100,DI1,DOl~DI2,Q~~QB,SO~;SB',SW~;io',TB;T1(;‘H,HH~HO,Hl~H~,P1~P4
100 FORMAT(5H DT1=,F9,3~2X~4HD~l=,F9,3~ZX~4HDI2=,F9~3~2X~3HQl=~F~O~l~

00525+ 2X,3HQ4=,FlO,: ,/,4H SO=,F7,3,4H SB=,F7,3,4H SW=,F7.3,5H TO=,F9+2,2X,
00530+ 3HTB=,F9.2,2X,3HTW=,F9.2Jt3H  H=~F10,2,2X,3HHH=,F10.2~2X~3HH~=,F10~2,~,
00535+ 4H ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  PSI j
00540 IF(ITAR.EQ,40)  PRINT 1Ol? D02,DI3
00545 101 FORMAT(SH-D02=,F9.3,5X,4HDI3=,F9.3)
00550 IF(ITAR.NE.40) PRINT 102,CL,DC,PSL

c 00555 IF(ITAR.EQ.40) PRINT ~O~,CLO,DCO,PSLII
00560 102 FORMflT(* COUPLING L=*,F8.3,2X+2HD=,F8.3,* SECTION L=*F8.2,
00565 IF(IOP.EQ.4) SO=SB
00570 IF(IOP.EQ.3) SO=SW
‘?I0575 CALL WELL~QO,QB,DIl,DO1,DIZ~SB,SO+TB,TU,I~W,ITfiR~
"00580 PRINT 105
jO585 105 FORMATt//+12H OUTPUT DATA,/)
0610 I--(IFW-JQ.0)  GO TO~jjg' : /‘. -"I--'. ' : .i

OQ615 P R I N T  112,NAMEO(IOP),Pl
" ., : _;, I:.;;:" :. -

00 20 112 FORMAT(lH ,A~;~~HIWEL~HEAD-PRESSURE'P~=,F~O.~-:~H  PSI) .':.i;..
Ii

:. '2,. ., -I .' ' :
00 25 PRINT 113,p2',p3 .,: '.-<',.L.>,~ /u., .: ':;.?. .'*-. ,. ,k-. -,. ',:, ;e.::; I,!.", ~:%:e,f>  I
00630 113'FORMAT(4H  P2=,F10,2,5&4H P3=,Fl~O,.?,4lj"PS;)  ,:' p.3' '

fl L, : _,. yzI~,. ‘ : ,-. 3
:i " .,.,i,



00705 119 CONTINUE

:,FlO.

PSI )

F10.2 .4H PSI)

2,5X,A5,

00710 PMAXC=O.8O*H
00715 PRINT 120, EVO,EVB
00720 120 FORMAT(19H EROSION VELOCITIES ,5X,4HOIL=,F10,2,5X,6t-!BRINE=,F10.2)
00725 IF(IPIT.NE.0,  PRINT t4O,QO,QE
dOt30 140 FORMAT(4H Ql=,F12,2,5X,3HQ4=,Fl2.2)
,00735C DELP AND CAPO OR CAPB ARE PIPSPR WELL MODELING PARAMETERS

IF(IFW,EQ,O) GO 111 300-00740
90745
00750
00755
00760
00765
00770
00775
00780
00785
00790

HDUM=HO+Hl
DELP=O.433*(SO-SB)*HDUM
IF(IFW.EQ.2) DELP=O.433*~SO~HDUM+S3*t-tB-SW*HH~
DELPN=P4-Pl
CAPO=(DELPN-DELP~/~Q~~QOi-l.!1E--iO~
CAPB=(DELpN-DELPj/(QB*QB+leOE-101
PRINT ZOO,DELP,CHPB,CAPO
200 FORMAT(6H DELP=,F?O,2,5X,5HCAPB=,El2,4,5X,5HCAPn=,El2~4,/~
PRINT 125, PMFiXC
125 FORMATt35H MAX CASING POINT PRESSURE ALLOWED= .F10.2,

00795+ 8H =0*8*H $//// )
00800 IF(ITAR+EQ.40AND,IFW.EQ.l~ GO TO 700
00805 GU TO 4,OO
00810 300 PRINT 310, DPPO,DPPB,VO,VB
00815 310 FORMHT(32H PIPELINE PRESSURE DROP FOR OIL= tF10.2,5X,?OHFOR  BRINE=
00820+ ,F10.2,9H PSIfMILEJJ4H OIL VELOCITY=,F9.2,5X,15HBRINE  VELOCITY=,
00825+ F9.2,5H FT/S )
00830..400 CONTINUE
0083f"ITflR'=ITARS

-1 I . . . . _:_, i. _.. ,. I "

00832 QO=QOST
00833 SO=SOS
00834 Pl=PlST
00835 P4=P4ST
00836 QB=QBST
00837 REWIND 7
00838 GO TO 1
00840 700 CONTINUE
00845 ITAR=
00850 IOP=3
00855 QO=(QB-QO)*l.03
00860 H2"H2S $ so=sw 1
00865 GO TO 20
80870 : 777 CONTINUE
fJO875.~yJfJp I:~ _,
QOQfj$~;END '

:

00885.::',,,SUBROUTINE  WELL~QO,QB;DI?;DOl~~DI2-ss;so,TB,~TO,IFW,IT~R~
-,0089q~:;r'COMMON-/WELP/.  H,HH,Hl;H2;HO~HB~Pil~~~Z'~P3'~P4~I,VB~,VO~;EVB;EVO,PSMB~~-  -:y I.
00895~~~:PSMO,PBAD,DPPO,DPPB,P1ST,P4ST,‘IPIT;D02.,I)I3,CL,DC,PSL,
OO90Oi"‘CL0‘;DCO~PSLO ,' ., I

00905+ ,SW,V~SO,VI~B,VISW,IVIS,IOl',T~,.P~~,S~S,~, .: :_I
0091.0 .IFNOf$EQ.4> SO=SB ., ;'- '. 1,.

,';

.00915 G=32;:2'
:;';,. .",_f;~.~;;~.~~.~::.--:,.~:-'  ..,:z' '". "‘ /d .-.''. .'"\ ,*$"::.\; _' ; " .y" :('?, ,. ,

,:. ' ,,,

: ,, ,a'; ~',::&.':~;'
' ,, .

,',
, ~

00920 ~ppO=D,,pB=O  J, . _,:,
00925 AMUO-50.0*(4O.O/TO~**'l;218  I'..
0093.0 ZF(ITAR.GE,~O) GO TO 2- .

'009~5?IF,iITAR.GE.l) AMUO=O ,3Of+X/(-@;;
,t.w...  1,

<' ., .. : 5:. *I. ,, :i*
QT( IT,fiR;j .:%: ?;,,z ,; :

: ,>‘:; ..,;;':,T;,~; ; ,_.. :..+j?'" " '-
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<... : .,
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.00940:12:-CbNT1~~E~~~‘:~O~~~~~-~.~~~B=~,I*SB*(~O,~/TB)*~O.~~
00950iIF<IfW.EQ.2) AMUB=l.l*SW*(6O,O/TW~**O.85
00955~IF~ITAR.EQ.30.AND.IFW.EQ.l~  AMUO=1,1*SW*~6O~O/TW~**O.85
00960 If(ITAR.EQ.30.AND,IFW.EQ.2~  AMUO=l.l*SB*(80./TB)**O~85
00965 DE=((DI2-DD1)**3*(DI2tDOl)*~2)**~.2
00970 DEC=Di2-DC
00975 DEP=DI2-DO1
00980 IF(ITAR.EQ.40)  DEC=DI3-DCD

' 00985 IFtITAR.EQ.40)  DEP=DI3-DO2
i. GO990 IF(ITAR.EQ.401  DE=~(DI3-D02~*~3*(DI3+DU2~~*2~*~O+2
a0995 IFtIVIS.LT.l>  GU TO 4
01000 AMUO=VISO
131005 AMUB=VISB
01010 IF(IOP+EQ.3> AMUtl=VISW
01015 IFtIUP.EQ.4> AMUO-IJISB
01020 IF(IOP.EQ.4, AMUB=VISW

.:

025 4 CONTINUE
030 IT=0
035 3 CONTINUE
040 AAN=DI~**~-D~~Qs~
045 AANC=DI2**2-DC**2
050 IFtITAR.EQ.40)  AAN=DI3**2-DU2**2
055 IFtITAR.EQ.40>  AHNC=DI3**2-DCO**Z
060 REO=92.2*DEP*QO/~AMUu*AAN~
065 REC=92,2*DEC*QO/(AMUU*AANC)
070 EPS=O.OOlG
075c SET IFW=U FOR PIPELINE CHLCULAT
080 IF(IFW.EQ.Or GO TO 500
085 REB=92,2*QB/tDIl*AMUBj

i IONS

i
1090 IF(IPIT.EQ.0)  PRINT S,AMUu,AMUB,REO,REB

01095 5 FtlRMAT(/,SH  NU?= ,F9,3.5X,4HNU4=,F9.3?5X?4HREl=,Fl2.2v5Xt
d 01100'.4HRE4=?F12.2j

01105 FB=FCl=O.Ol
01110 FC=O.Ol
01115 10 FBS=FB
01120 FOS=FU
Off25 FCS=FC
01130 FB=1.0/~4,O*AL~GlO~EPS/~DI?~3.7)+2.51/(REB*SQRT~FBS~~?**2?
01135 FO=1.0/(4.0*ALUGlO(EPS/(DEP  *3.7j+2.5l/tREO*SQRTtFmm**2~

i< 01140 FC=1,0/~4.0*ALOGlO~EPS/~DEC~3.7)+2.51/~REC~SQRT~FCS~~~**Z~
01145 IF(ABS(FB-FBS)/FB,GT,O.Odl) GO TO IO
01150 -IF(ABStFO-FOS~/FU.GT.O,OOl~  GO TO 10
01155 - IF(ABS(FC-FCS~/FC.GT,O.OOl~ GO TU 10
91160 IF~REO.LE.3000,0)  FO=64.O/REtl
01165 IF(REB.LE.3000.0) FB=64.0/REB
'01170 IFtREC,LE.3000.0)  FC=64,O/REC

j %1$75~ DPB=1.1461E-5*FB*SB*QB**2/(DIl-**5~
01180 ~DPO=1.1461E-5*FO*SO*QO**2/(DE++5)

,:-Ol‘l85 AKCel.O-AANWAAN
04 p90 fjlr;!$O .S*AKCtAKC**2 -.: ':(, .---,. ,: 5 :. :. I." ,.
01195 NPS=INT(H2/PSL).

01200 IF(ITAR.EQ.40) NPS=INTtH2/PSLO)'
01205 AKF=FC*CL/DEC

j 01210 IF(ITAR.EQ.40) AKF=FC*CLO/DEC
P 01215 AKT=FLOkT<NPS)*(AKS+AKF)
j 01
0 1

: "0:

220 DROC=9.562E-7*AKT*SO*QO**2/AANC**2
225 DPtIT=DPO*H2*(1.0-CL/(l2.O~PsL~)+Df'oc
230 IF(ITAR.EQ.40)
235‘ HB=HH-HI -HO $

I. .i 1 ,. ':. 1
f--v .;‘



:.
.

:
.,

‘; y,;:; q-L-*- I

I,. ,

: 0124OC IFW=? FUR OIL INJECTION , 2 FnR' WITHDRAUAL
01245 IF(IFW.EQ.2,  GO TO 100
01250
01255
01260
01265
01270
01275
01~80

;' 0?~85
: 01290

4) 1295
{;3"Elg

01310
01315
01320
01325
0 1330
0 1335
04340
01342
0?343
01345
01350
01355
01360
01365
ot370
01375
01380

& y;;.

01395
01400
01405
01410
01415
01420

i 01425
9 01430

01435
01440
01445
01450
01455
01457

i 01460

~. g;;
01475

‘ 01480
01485

ij 01490

b
' 01495

j. .;;;oop

01510
lp515

IF(IFW.EQ.3) GO TO to0
-..P3=P4+0.433*SH*HH+nPB+HH
sv=sn
IF(InP,EQ,3> SV=SB
F2=F3-(0,433*SR*HB+(l~433*SV~~Hij+Hl-H2?~
F?=F2-0,433*Si+H2+DFnT

FCS=P2-0.433*(SB*(H2-HDUM)+SCiS*<HDUM-H,)
IF(InF.EQ.1) FCS=P2
IF(InF.EQ.6) PCS=F2
IF(IPIT.EQ.0)  GO Till 90
FAC=(FlST-PI j/FlST
IF(HBS(FAC),LT,O+OOt) GO Tn 90
DUM=AMINl (ABS<FAC? ,O,2/FLOHTtIT+l Ii
FACT=SIGN(DUM,FK>
QO=Qcl*~l.O+FHCTt
QR=QB*t  f , O+FfKT>
IT=IT+j
IF~IT,GT,fOb~ GO T O  80m Tn 3
80 PRINT 85
85 FORMAT{* ITERHTICN LIMIT EXCEEDED? SULUTIUN
90 CUNTINUE

INACCURkTE*j

XF=DFB*HH-
Go Tn 200
100 F2=F?+O,433~SO~H2+DFOT
P3=F2+(0.433*SO+tHO+H1-H2)+0.433*SB*HB)
IF(IFW.EQ.3) GO in 110
DF3=DPB*SW/SB
P4=F3-0.433*SW*HH+DPB*HH

GO TO 120
I10 P4=F3-0.433*SH+HH+DPB*HH
120 CONTINUE
PCS=F2-0.433*(SB*<H2-HDUM)+SCiS*tHDUM-H>j
IF(InF.EQ.2, PCS=F2
IF(IFIT.EQ.0)  GO TO i50
FAC=(F4ST-F4j/F4ST
IF~ABS(FAC~.LT.O.OO?~ GO Tn 150
DUM=AMIN1(~BS~FHC~,O.2/FLnAT(IDIM~IT~2O)+l~~
FACT=SIGN(DUM,FAC)
Qn=Qn*(l.O+FACT)
QB=QB*(?.O+FHCT)
IT=IT+l
IF(IT.GT.tOO)  GO Tn 140
GO TO 3
140 PRINT 85
150:CONTINUE
.XFrDPnT '.-
~200,VB=0.01192*QB/DIl**2 '.-

"-~Vn=Oi~Oll92*Qn/~DI2**2-Dn1**2)
IF(ITAR.EQ.40) Vn=0,0??92*Qn/<DI3**2-DKZ~*2)
RHnW=62.3

j'

EVB,=200,0/SQRT(RHnW*SB)
- ,EVn~ZOO.O/SQRT(RHnW*SnS~  I.-., ': 1 xi,." " '+ - , -~,





FOR DIRECT LEACH SET IFW='L AND ITAR=
._ 1.

'Yd'.!;.' .( FOR REVERSE LEACH SET IFW=l AND ITAR= '1:. ':,p," i' ;I:;,.
;g;;: F&tR LEACH-FILL SET IFW=l AND ITAR=4Il ./,. .

IFIT=O SflLVES FOR PRESSURE, i FINDS Q FOR ~KbkiWN fkE~$k!
&. IhS=O FOR DEFAULT VISCDSITIES, = 1 WHEN YOU ,SUppLY THEM
+REHD IFW,ITAR,IPIT,IVIS '. ':

'7 2,gto.u*.
IFW= ‘7 ITfiR= 0

REHD DIf ,DOl ,DIZ,Q: ,Ot,SQ
IPIT= (1 I\JIS= b IliP= 2

,,SB,SW,fO,TE+TW,H,HH.HO,H1.H2,P:,F4

:. CONNECT TIME


